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SP-IO0 is the _esigna_ion for a nuclear reactor-based power plant
being developed for both civil and military missions beginning in the 1_Os
for such potential space applications as communication satellites, space
radar, electric propu&sion and space stations. Typically, a system usin_ the
SP-IO0 along with a selected upper stage system would be launched by the
National Space Transportation System (NST_) Space _huttle _ystem into a near
earth orbit, deployed, and through upper stage propulsion burn(s) be inserted/
transferred to its mission orbit, lhe nature o5 the advancea design _P-IOU
gives rise to a set of issues that require special attention to assure that
payloads using this power plant are physically and functionally compatible
with the NSIS and meet the safety requirements thereof. The purpose of this
document is to define and present the requirements and interface provisions
that, when satisfied, will ensure technical compability between SP-IO0 systems
and the NSTS.

Following an overview description of the NSTSis a presentation of
the typical Shuttle/upper stage ground and flight opecations. The 5huttle
performance capabilities are then summarized, followed by summaryperformance
capabilities of four NSYSupper stages that could be selected for achieving
orbit transfer from the Shuttle parking orbit. The process by which an _P-IO0
would be integrated with the upper stage and with the Spa_eShuttle Vehicle is
then explained. Payload accommodationsand interface requirements/constraints
provided by the Shuttle System are hi£h-lighted (primarily by reference),
followed by the interface requirements and constraints provided by the four
potential upper stages. Finally, requirements for interface verification are
then presented.

It should be pointed out that although the 5P-IO0 design util_zes a
nuclear reactor power source, the reactor would be inert with insignificant
radiation levels during all prelaunch and launch opera_ions. _he reactor will
be designed to remain subcritical in all accident modes, and would not be
started until after the SP-IO0 payload is deployed from the Shuttle and inser-
ted into a nuclear-safe orbit. Because of the security aspects associated
with the presence of nuclear materials, special security precautions would be
required during the prelaunch operations. Base_ on a preliminary review of
both the nuclear reactor safety ana security issues, however, there do not
seemto be any problems peculiar to the 5P-100 design that would prevent the
launch of 5P-IO0 by NbTS. Potentially, SP-IDO could also contain a radio-
isotope thermoelectric generator (RTG) auxiliary power source with a design
similar to the Galileo N_G. Should an RTGbe utilized, it is expected that
the various procedures and precautions established for the Oalileo application
would be accep.table and applicable for SP-IO0.

I-I
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SECTION 2

NSTS OVERVIEW DESCRIPTION

2.1 NSTS DEFINITION AND TERMINOLOGy

The NSTS consists of the Space Shuttle System (SSS); various upper

stages; the ground support system at the Eastern and Western Launch Sites (ELS

and WLS); and the mission operations system, including the Tracking and Data

Relay Satellite System (TDR$S). The SSS provides the Space Shuttle Vehicle

(SSV) flight system, the NSTS launch and landing sites at ELS and WLS where

the SSV is processed and launched, and the NSTS Mission and Control Center at

Joanson Space Center (JSC) which plans and supports all NSTS missions. Com-

prising the flight system ls the Orbiter, an external _ank and two solid

rocket boosters (SRBs).

The key source documents to be used by potential users of the Space

Shuttle System are JSC 07700, Volume XIV (Ref. i) and its Attachment 1

(Ref. 2). These documents are the official, controlled set of Spa_e Shuttle

capabilities and interfacing provisions by which payload planning and design

are to be conducted. Reference 2 depicts specific definitions of payload

interfaces, and for convenience is identified separately from Vol. XIV

(Ref. i), which _resents general payload accommodation data.

The terminology used in this repora generally conforms to that de-

fined in Refs. 1 and 2. For this report it is assumed that the SP-IO0 is the

only user of the Shuttle for the assigned launch. "Payload" then is everything

in the cargo bay, and as such would comprise the detachable payload, airborne

support equipment (ASE), and any mission-peculiar equipment. The detacnable

payload is the integrated SP-IO0 Flight System (SFS) and upper stage that are

deployed from the Orbiter. The SP-IO0 flight system would comprise the SP-IOO

power module and the spacecraft (including the spacecraft/ upper stage adap-

ter). In some sections of the report the SP-IO0 Flight System i_ variously-_

ceferred to as "SP-IO0" and "Spacecraft", but this should not be confusing in
the context in which such terms are used.

2.2 GROUND AND FLIGHT OPERATIONS SCENARIO

The sequence of operations associated with an NSTS-launched SP-IO0

payload from Kennedy Space Center (KSC) can be classified into the following

phases: (a) pre-launch, (b) ascent-to-orbit, (c) on-orbLt operations (cargo

bay doors closed), (d) on-orbit operations (cargo bay doors open, and including

deployment of the payload from the Orbiter), (e) post-deployment and, if re-

quired, (f) abort (including reentry and landing). Typical functions and

activities that could occur during these operations and that the payload would

have to consider during early design are summarized below. For purposes of

describing the pre-launch operations, it is assumed that the payload is vert-

[tally integrated into the Orbiter and that the payload is for a NASA mission.

Services provided by the Orbiter at the launch pad are described in

paragraph 5 of Ref. I. Ref. 3 provides official information on tile launch

site capabilities and processing guidelines for the launch site operations.

2-I
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2.2.1 Pre-Launch (Launch Site Operations)

It is expected that the SP-IO0 Flight System will be delivered to

KSC in three main units: spacecraft, power module, and RTG(s)s (Lf used). Ti_e

_pacecraft and power module will be transported to the Payload Processing

Facility (PPF) and Hazardous Processing Facility (HPF), respectively, for

receiving inspection and assembly/servicing/checkout as required. Security

and health physics services for the power module throughout all ground oper-.

ations will be provided by KSC. The spacecraft will be delivered to the HPF

for servicing as required and assembled to the power module. The RTGs will be

delivered to the KSC RTG storage facility to undergo power verification, test,

servicing and mechanical preparations, prior to being transferred to the HPF

for RTG compatibility tests and to the Rotating Service Structure (RSS) at the

pad for installation into the flight system. When all HPF operations have

been completed, the integrated module/ spacecraft _¢ili be transported to the

Vertical Processing Facility (VPF) for mating with the upper stage and cargo

interface verification testing using the cargo integration test equipment

(CITE). An end-to-end test will be conducted, if required, after the CITE

tests. Finally, an ordnance systems test would be conducted and cargo closeout

activities initiated. Upon completion of the VPF operations, the payload would

be installed into the multimission support equipmen_ canister and transferred

to the pad for ins_allation into the RSS. Once at the launch pad the canister

would be hoisted into position and the payload extracted from the canister by

the payload ground-handling mechanism (PGHM) and retracted into the RSS. At

the appropriate time the payload would be inserted into the Orbiter cargo bay

using the PG_M. The RTGs (if used) would be installed and Shuttle/payload

interface verification tests conducted, followed by end-to-end data and com-

mand tests (if required). Any SP-IO0 Flight System "carry-on umbilical cable"

would then be removed, the Shuttle cargo bay doors closed, and final countdown
to launch commenced.

2.2.2 As cent

During ascent, the cargo element should be as quiescent as possible,

consistent with cargo element operations to avoid hazardous situations _hat

could result in an aborted flight or present a hazard to the cre_¢ or Shuttle.

2.2.3 On-Orbit Operations (cargo bay doors open and closed)

The Orbiter cargo bay doors should be assumed to be opened no sooner

than I hour after launch and no later than 3 hours after launch (if not opened

3 hours after launch, the Orbiter will return and landing will be completed by

launch + 6.5 hours maximum). In general, the Orbiter will maintain a payload

bay-to-earth orientation except for periods when the payload needs reorien=a-

_ion for establishing reference attitudes to be used subsequent to deployment.

Expected Orbiter pointing accuracies are described in pare. 3.2 of Ref.-I.

Deployment of the payload will be controlled by the flight crew,

with ground assistance as required. Typically, the Orbiter primary reaction

control system (PRCS) will be deactivated, the payload rotated to the deploy-

ment attitude, avd deployment will occur by a separation signal from the

2-2
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Orbiter to the payload. }leans of deployment will be the responsibility Jf th_

payload. In the event of an aborted deployment, the payload must have the

capability to be reconfigured to a safe condition for landLng.

2.2.4 Detached Phase

After deployment, the payload must coast for the period needed to

achieve a safe distance from the Orbiter before the propulsive stage firing

and/or deployment/separation of a payload appendage or separable device. The

safety requirements associated with such operations are detailed in Ref. 4.

2.3 bSV PERFORMANCE CAPABILITY

Figure 2-I shows total cargo weight as a function of circular orbit

altitude for delivery flights from KSC at an inclination of 28.5 degrees, it

should be noted that these capabilities are nominal, near-term values, and that

specific performance expectations £or particular Shuttle vehicles and other

program variables will be made available by JSC when needed and requested.

For estimates of on-orbit capabilities of such parameters as stay

time, navigation accuracy, pointing accuracy, attitude hold duration, etc.,

see paragraph 3.2, Ref. I.
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2.4 SSV/UPPER STAGE PERFORFIANCE ESTIMATES

EstimatEd performance capabilities of various upper stages for

orbit transfer from I 150-nmi Shuttle parking orbit are presented in Figures

2-2 through 2-I[.

Figure 2-.2 shows the delta-V available from the Centaur G as a

function of payload mass for orbit inclinations between 28.5 and 90 degrees.

Orbital inclinations between 57 and 70 degrees are not available from Cape

Kennedy due to restrictions on Shuttle launch azimuth. The dashed line por-

tions of the cur_es indicate that Centaur propellant must be offloaded to stay

within the cargo capability of the Shuttle. Figure 2-3 shows the performance

capability in terms of circular orbit altitude achievable as a function of

payload mass. Figures 2-4 and 2-5 _how similar information for the Centaur G'.

Figure 2-6 presents the delta-V capability of the Transfer Orbit

Stage (TOS) currently under development. Delta-Vs in excess of 3200 m/s _Jill

result in planetary escape. This solid propellant stage cannot be restarted

(as is the case with Centaur G and G'), so the TOS performance is shown in

Figure 2-7 in terms of the apogee of the transfer orbit as a function of

payload mass. The minimum delta-V from the TOS is Limited by the amount of

propellant offload (50%) allowed. Figure 2-8 presents the additional delta-V

needed to circularize the transfer orbit as a function of circular orbit

altitude. This circularization capability would necessarily be provided by

the payload.

Figures 2-9 through 2-11 present the performance capability of the

two-stage (standard) IUS for orbit transfers from a 150-nmi (278 km) Shuttle

parking orbit. Performance is ,shown in terms of delta-V available from each

of the two stages. Figure 2-9 presents the delta-V capability of the IUS

3rages as a function of payload mass. The total delta-V available for a given

payload is obtained by adding the capability of both s=ages. Figures 2-10 and

2-ii present the delta-V and altitude capabilities of the IUS stages when

delivering a payload to circular orbit. For payloads-less than 3300 kg, a

fully loaded Stage 1 is used along with an offloaded Stage 2. For payloads

greater than 3300 kg, an offloaded Stage I is supplemented by a fully loaded

Stage 2. It should be noted that offloading of either stage is limited to 50%.

2-4
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SECTION 3

NSTS/PAYLOAD I:_TEGRATION PROCESS

The process of integrating payloads with the NSTS is explained [n

Ref. 5. The following paragraphs summarize some of tl_e steps necessary for,

and the requirements and activities associated with, the process.

3.1 PROJECT/NSTS INTERFACING AND PLANNING

Formal interaction between the SP-100 project, ti_e appropriate NASA

Program Office, and the NASA NSTS utilization office, is initiated at _he time

of project start by a "Request for Flight Assignment" (Form i00). The Project

is formally recognized at this time, and activity is initiated between the Pro-

ject and the STS Mission Integration Office at JSC to resolve Shuttle/payload

integration issues. A project engineer is assigned as the single point of

contact from the JSC STS Payload Integration Office. He _ill coordinate all

meetings and contacts with the NSTS element throughout the integration process,

and _;ill assure that integration activities and analyses are performed to

support both _he Shuttle requirements and the payload requirements. The flight

assignment process, an internal activity of the NSTS, will develop and maintain

a cargo manifest and flight assignment schedule.

The two controlling documents that define the interfaces and inte-

gration processes relative to the NSTS/Payload integration and interface engi-

neering are the Payload Integration Plan (PIP) and the Payload/[_STS Interface

C_ntrol Document (ICD).

The PIP is initiated when the payload has been assigned to the JSC

NSTS Operations Program Office. Programmatic and technical relationships

between NSTS and the Project are defined in the jointly prepared PIP. It will

be the controlling document between the NSTS and the project, and will define

management roles, working relationships, and responsibilities. In addition,

the PIP defines the technical baseline for implementation; establishes guide-

lines and constraints for inteBration and planning; defines integration tasks

to be accomplished; establishes operational support requirements, interface

verification requirements, and control schedules for all major integration

activities; defines safe_y requirements; and summarizes the optional services.

The outline of the basic PIP is shown in Ref. 5. The format and contents of

the PIP for deployable payloads and those with direct Orbiter interface are

provided in Ref. 6. In addition to the PIP, I0 PIP annexes developed jointly

by the Project and the NSTS provide detailed data to support NSTS flight and

ground operations. There is a standard format provided for these annexes and

assistance is provided by JSC in developing the documents. The payload

requirements from these annexes are integrated w_th the NSTS standard pro-

cedures and ultimately result in flight and ground operations implementation

documentation. A given mission may not require all annexes.

The Project will work with JSC to develop the Payload/NSTS ICD,

which will define the payload and NSTS integration and interface requirements

an4 constraints, and will be written on a line-by-line basis against Ref. 2.

The ICD will reflect the Project system interface requirements and constraints
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to ensure complete systems programmatic and technical compatibility. ]l_e

mechanical and electrical interface control drawings will be an [ntesral part

of this ICD. The ICD is producea and approved by JSC and then submittea to

the project for approval.

3.2 INIhGRATION/INIERFACE _ORKING GRObP8

Integration/interface working groups are used by the N81S Payloaa

Integration Office as a means of accomplishin_ the integration and flight

implementation process, lhe working groups are supported b_ all organizations

necessary to assure a successful integration and launch of the Shuttle with

the particular cargo. Typically, the working groups _ill be governee by an

interface management working group (IMWG), co-chaired by representatives _rom

NSTS and the Project. Six working groups generally are formed: Structural/

Mechanical, Thermal, Flight Operations, Avionics Software, Ground Operations,

and blission Flight Design.

Specific scheduling of the interface working group activities with

milestones and deliverables will be tied to the project development ana N515

operations schedules. The DI_G should meet as soon as possible after _,ission

Project s_art to begin to establish the joint activities schedule.

3.3 NSTS/KSC OPERATIONS/INTERFACE PLANNING

kennedy Space Center is responsible for N_I5 and cargo-grouna facil-

ities and operations at KS& including ground safety and all support activity.

Requirements that are established for grouna operations are documented in the

PIP Annex 5, the "Launch Site Support Plan." The Ground Operations _orkin_

Group provides the forum for identifying these requirements, defining and

controlling the payload-to-KSC interface_, and defining launch activities, in

addition to these formal interfaces with KSC, additional activity is requirea

to support cargo test team activity; develop launch processing plans, stana-

alone test procedures, and inputs to integrated test procedures; abort plan-

nine; and present the kSC safety reviews as discussed in paragraph 3.4 below.

3.4 SAFETY REVIEWS

All SIS users must implement the payload system safety requirements

of the NASA headquarters handbook, "Safety Pclicy and Requirements for Payloaas

Using the Space Iransportation Systems" (kef. 4), an_ "Space Transportation

System Payload uround Safety hanabook" (Ref. 7). Guidelines and instructions

for implementing these requirements are provided in Ref. 8. Briefly, the 5_

operator reviews and evaluates the payload safety aata, evaluates safety-

related modifications, and provides approval/concurrence or requests further

action. As many as four flight and ground safety reviews will be conaucted

(Phase 0 through Phase iii) with an initial introductory an_ _uideline meetin_

held with the mission project. Objectives of each review are described in

Ref. 8. The phased safety reviews are intended to occur at times of increa-

sing maturity of the flight system design. Timing of the reviews for planning

purposes can be assumed as follows: Phase 0 - concept; Phase 1 - Preliminary
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Design Review; Phase [I - Critical Design Review; Phase [[I - nardwa_e

delivery. Actual schedules :#ill be established with the project by JSC/KSC on

the basis of the project schedule.

3.5 NSTS/KSC MAJOR REVIEWS

Other major reviews are conducted by the NASA deadquarters, the JSC

Mission Integration Office, and KSC to assess the implementation of the cargo

integration activity. These reviews, listed below, aid both the STS and the

user in assuring that the launch vehicle and cargo are ready for the mission.

Cargo Integration Review (CIR): The first review of consequence

held by JSC where all cargo elements for a specific flight are revie_#ed

_ogether to assure they can be physically and functionally integrated into the

flight.

Flight Operations Review (FOR): Review to status the STS flight

operations implementation development.

Integrated Hardware and Software Review (IH/SR):

the STS-provided hardware and software are compatible.

Review to ensure

Ground Operations Review (GOR): Review to assure readiness and

agreement to the overall suppor_ of the launca and landing site for ground

integration activities.

Flight Readiness Review (FRR): Review conducted to verify that all

cargo/STS integration activities are complete.

3.6 SP-IO0 FLIGHT SYSTEM TO UPPER STAGE INTEGRATION

The following discussion explains the process by which the Flight

System is integrated with the upper stage (US). This approach assumes a NASA

mission, with the US represented by a NASA Center payload and is based pri-

marily on Galileo experience.

To implement the integration of the Flight System with the upper

stage, two jointly chaired panels, the Mission Integration Panel (M[P) and _he

Mission Design Panel (MDP), would be established, the panels would consist of

representatives of the SP-IO0 Project, Shuttle/Upper Stage Project, NASA Head-

quarters, and NSTS (JSC, KSC and supporting contractors). The purpose of =he

MIP would be to provide _he SP-IO0 Project and the Shuttle/US Project assurance

that the SFS/US integration requirements are accomplished on mutually accep-

table schedules and with completely satisfactory technical resolution. The

purpose of the MDP would be to interchange mission, SFS and upper stage system

technical information for the development and analyses of launch vehicle

performance, launch period, trajectories, and guidance and control for the
SP-IO0 mission.
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SECTION4

SPACESIIUTTLE-TO-PAYLOADINTERFACECHARACTERISTICS

The following sections summarize the Space Shuttle capabilities and
payload interfaces provided by the baseline Shuttle System for cargo use as
presented in Refs. I and 2. The constraint_ that shall be observed by payloads
using the interfaces defined are included also. The information presented here
is in summaryform; Refs. i and 2 should be consulted if addLtional data is
needed for a particular interface. It should be emphasized that the accommo-
dations and interfaces described below are those that are provided to the
total Shuttle cargo. Section 5 summarizes the pertinent characteristics and
constraints at the SP-100 Flight System-to-upper stage interface for four
candidate upper _tages: Centaur G, Centaur G', Transfer Orbit Stage (TOS),
and the Inertial Upper Stage (IUS).

4.1 PHYSICALINTERFACE

4.1.1 Coordinate Reference Axes

The payload coordinate system, relative to the Shuttle Orbiter coor-
dinate systems shall be as shown in Figure 4-I. The payload X-axis is coinci-
dent with the Orbiter cargo bay centerline and is positive downwith the Orb-
it_r in launch position. Payload elements may choose to use a different set of
coordinates, but all payload coordinate data transmitted to the Shuttle Program
must be in accordance with the coordinate system illustrated in Figure 4-i.

4.1.2 Allowable Thermal and Dynamic Envelope

The maximumallowable payload envelope in the cargo bay shall be a
clear cylindrica& thermal and dynamic envelope, 15 feet in diameter (Yo -90 to
Yo +90; Zo 310 to Zo 490) and 60 feet in length (Xo 582 to Xo 1302). This
envelope includes all payload thermal, dynamic and static deflections begin-
ning with installation of the payload and ending with payload deployment or
removal. Other details of the physical interface locations of the cargo Day
are sho_n in paragraph 3.1.2, Ref. 2.

4.1.3 Interface Locations and Attachments

The various Shuttle Orbiter Payload physical interfaces and loca-
tions for structural, electrical and fluid accommodations are described in
paragraph 3.2.1, Ref. 2.

Multiple attachment points are provided along the cargo bay for
structural attachment of payloads to the Orbiter. The attached points on
bridges supported from primary frames are available at 3.933-inch increments.
The payload (or payload carrier such as an upper stage or cradle) shall be
supported at these locations on payload trunnions extending beyond the payload
envelope in the + Yo direction at Zo = 414 and in the minus Zo direction at
Yo = O.
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_"" _ Ct - PAYLOAD BAY

I

j._-_ORIGIN OF SSV ORBITER SYSTEM

X O AXIS IS PARALLEL TO CENTERLINE OF THE CARGO BAY

PAYLOAD
COORDINATE
SYSTEM

Xp POSITIVE DOWN WITH ORBITER IN LAUNCHPOSITION, AND PARALLEL TO THE ORBITER
CARGO BAY CENTERLINE

yp POSITIVE RIGHT (TO COMPLETE A RIGHT-
HAND SYSTEM)

Zp POSITIVE UP WITH ORBITER IN LANDED
POSITION

ORIGIN OF PAYLOAD COORDINATE SYSTEM APPROXIMATELY
200 IN. (5,1 m) BELOW CENTERLINE OF THE FORWARD END

OF THE pAYLOAD

[REF: JSC 07700, VOk XIV, ATT. 1]

Figure _-I. SSV Orbiter Payload Coordinate System (_lecnanic_l)
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Electrical interface accommouationsare available only at the cargo

element end of Standard Mixed Cargo Harness (S',ICH) cables in the cargo bay.

Standard interface panels are located on ti_e port and starboard sides of the

cargo bay. The electrical wiring interfaces of tile SMCH accommodations,

including connector and pin assignments, are given in Section 13.O, Ref. 2.

4.2 STRUCTURAL INTERFACES

Paragraph 4.0, Ref. 2 details the constraints on the payload struc-

tural interface design, and the factors to be used in preliminary design of

payload primary structure and for determining preliminary Orbiter/cargo inter-

face loads. The allowable cargo center of gravity (cg) limit, definition of

acoustics and vibration levels in the cargo bay, and acceleration levels for

various Shuttle operations and conditions are included.

Note that the latest revision of Vol. XIV, Attachment I (Ref 2) does

not include In_er_ace Revision Notice 235, which revises the payload prelim-

inary design angular accelerations load factor_ tabulated in Tables 4.1.3-2

and 4.1.3-4, Ref. 2.

4.3 FLUID INTERFACES

The Shuttle provides fluid interface provisions necessary to fill,

purge, vent, and/or drain payload consummables. Physical characteristics of

these interfaces for GSE cooling, payload heat exchanger, O2/N2 supply, payload

purge spigots and umbilical panels are contained in para. 3.3, Ref. 2.

4.4 ENVIRONNENTAL CONTROL INTERFACES

Prior to closure of the Orbiter cargo bay doors, the cargo Day atmo-

sphere is controlled by ground support equipment (GSE), at a nominal temper-

ature of 70°F + 5°F. Following cargo bay closure, a flow of conditioned

gas (air or GN2) will be provided in the cargo bay. Unless otherwise negoti-

ated, the inlet temperature of this gas will be 65°I + 5°F. Spigot coolant

in the cargo bay is available to dedicated users; non-standard ducting is re-

quired. Cooling water from GSE is specified in Ref. 2, Section 6.4.

The Orbiter thermal capability as a function of vehicle attitude is

specified in Section 6.0, Ref. 2. Typical temperature ranges at the cargo bay

walls are defined in Ref. 2, para. 6.1.4. Actual temperatures are dependent

upon flight parameters and cargo element configuration. The maximum temper-

a=ure for =he radiation panels when the doors are closed will not exceed

210OF. For payload-active thermal control requirements, a payload heat

exchanger within the Orbiter is used for transfer of heat from =he payload

coolant to the Orbiter's active thermal control subsystem (ATCS). Either

water, Freon-21 or Freon-ll4 may be used by the payload as a coolant. Details

of the heat exchanger service and the heat rejection capabilities provided by

the Orbiter are defined in Ref. 2, para. 6.2.2.
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4.5 ELECTRICAL POWER INTERFACE

Total electrical power available to the payload is 50 kwh at a

nominal 28 Vdc on flights up to seven days. B_cause of heat removal con-

straints imposed by the Orbiter, maximum power drawn by the cargo during t_le

various phases of operations is limited. These limiting values, along _Jith

the DC and AC power characteristics at the interfaces, are detailed in Section

7.0, Ref. 2. Additional power [s available through the installation of one

electrical power system kit, which will provide 840 kwh.

4.6 AVIONICS INTERFACES

Avionics accommodations provided to payloads include data necessary

to initialize the payload, onboard digital computation, reception of uplink

commands and data, transmission of digital and wide-band data, data trans-

mission _o the detached payload, and capability to track. Services and inter-

face characteristics o£ these accommodations are discussed in Section 8.0,

Ref. 2.

4.7 ENVIRON_ENTAL REQU IREMENTS

The natural environments to which the payload may be exposed during

operation with the Space Shuttle System are described in Section 4.0, Ref. I.

Section I0.0, Ref. 2, defines the Shuttle-induced environments, including

vibration, acoustics, shock, load factors, temperature, particulates and gas

environment, electromagnetic compatibility, nuclear radiation and illumination.

4.8 OTHER INTERFACES

Nominal locations and orienta=ions of the various Shuttle engines

and plume descriptions are presented in Section Ii.0, Ref. i.
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SECTION5

INTERFACECF_RACTERISTICSANDREQUI_i ENTSOF NSTSUPPER STAGES

Thi_ section describes the pertinent interfaces provided by four

NSTS upper stages - Centaur G, Centaur G' (formerly Centaur F), Transfer Orbit

Stage (TOS), and Inertial Upper Stage (IUS) - which are likely candidates for

providing the additional mission energy requirements over that available from

the Shuttle Orbiter for an SP-IO0 mission. Performance capabilities of these

stages are presented in pare. 2.4.

5.1 CENTAUR

Figures 5-I and 5-2 show configurations of the Centaur G and G',

respectively, in tile cargo bay with stations referenced to Shuttle coordinates.

Because interfaces with the SP-100 flight system generally are the same for

either Centaur G or Centaur G', the interfaces described below are in terms of

a "Centaur". However, each vehicle is treated separately where the interfaces

are different. Refs. 9 and lO provide technical descriptions of the Centaur G

and G', respectively.

5.1.1 Strucuural/Mechanical Interfaces

5.1.I.1 Interface Locations and Attachment. The SP-IO0 will mechanically

interface with the Centaur at the forward field joint of the Centaur equipment
module at Xo = TBD. The bolt circle of this interface is 108.b in. in

diameter. Interface attachment for the Centaur G will be by either an 8-point

bolt arrangement or a continuous ring; the Centaur G" is via a continuous

ring. Specific details of these interfaces are TBD.

The electrical interface between the SP-IO0 and Centaur shall be a

connector island located on the SP-IO0 side of the field joint on the SP-IOO-

supplied spacecraft adapter.

An insulation blanket (type TBD) will be provided by Centaur

between Centaur and SP-IO0 in the internal cavity between the adapter and

Centaur equipment module to minimize radiant heat transfer. The blanket shall

be attached to the Centaur equipment module.

5.1.1.2 SP-IO0 Separation from the Centaur. The SP-lOO/Centaur separation

plane shall be on the SP-100 side of the field joint. SP-IO0 shall provide

the mechanism that causes the separation, and also the means for initiating

the sequence. The Centaur can provide the separation system ordnance power,

if required.

5.1.1.3 Structure and Loads. The SP-IO0 Flight System shall be designed to

accommodate the flight loads of Shuttle lift-off, ascent-to-orbit, Centaur-

powered flight, and Shuttle Orbiter abort landings. Preliminary loads for

SP-100 design may be determined from the mass acceleration curve shown in

Figure 5-3 for component masses less than i000 kg, and from section 4.1.3 of
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_-EQUIPMENT MODULE /-- SEPARATION

AFT / SYSTEM

l ADAPTER --_ /STA 1062,67 \ /12nI r-_6;_TER_'"'" 2°2"n/_237.s 13o2.o
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- J j ADAPTER
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iI,
, '_4,_1
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[REF: GDC CGTD-3_

Figure 5-I. Centaur G Configuration
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JSC 07700 _ol. XIV, Attachment 1, for component masses greater tilth 100o k_.

Both the curve in Figure 5-3 and the Vol. kI_ data are limit loaas and shoulu

be multiplied by a factor of safety o_ 1.4 to obtain ultimate loads. The mass

of the subsystem or component being investigated and the directi_,n ol the 1oao

factor shall be chosen to proauce the maximum member loaa. Tile _inal aesi_n

loads shall be determined by a coupled transient anal)sis as determined by Li_e

appropriate interface working group.

The SP-IO0 Flight bystem structural mo_el for the integrated b_b/

Payload control/structure interaction and stability analyses shall be [n accor-

dance with the SP-lOO/Centaur Loads Analysis and Dynamic Interface

Verification Plan (TBD).

The safety factors to be used in the structural design shall be in

accordance with hhb 170U. TA (Ref. 4). The bP-IbO minimum factor of safety _or

structure for flight phases shall be 1.4 while attached to the Orbiter, and

1.25 when deployed from the Orbiter but attached to the Centaur. Pressurized

structures and vessels shall have an ultimate safety factor of two, and pres-

sure lines and fittings an ultimate safety factor of four.

5.1.2 Thermal Interfaces

The physical interface between the SP-iO0 and Centaur is aescribed

in para. 5.1.1.1. Physical contact occurs only at the attachment points and

electrical interface connectors with appropriate contact conductance applied

at the specific contact locations. The heat transfer mode across the iDb.b-
in.-diameter interface is radiation. The Lentaur will provide an insulation

blanket across this interface. Raaiative properties of this blanket on the

SP-IO0 side are TBD. kstimates of the thermal environment that the SP-IO0 may

be exposed to during various phases of NSTS mission operations are described

in part. 2.4. Thermal control constraints during launch, on-orbit operations,

and Centaur-powered flight phases shall be resolved through the appropriate

technical working group and controlled by the SP-lOO/Centaur mechanical ILD

(TbD).

5.1.3 Fluid Interfaces

There are standard fluid interfaces provided by the Centaur for k_G

cooling or science instrument purge, if required.

5.1.4 Avionics and Electrical Power interfaces

5.1.4.1 Electrical Power Interfaces. Power to the bP-lO0 from prelaunch

through separation of the SP-IOO from the Centaur will be distributeu through

the Centaur Avionics System. During prelaunch, ascent and on-orbit phases, the

power to the spacecraft will be provided from bP-IO0 electrical ground support

equipment (EGSh), Shuttle Orbiter, or Centaur/Clib (_IS5: Centaur Integrated

5uppurt System) as required, lhe Lentaur and/or LASh batteries are controlled

by the Centaur avionics to assure continuous uninterrupted power to the bP-lO0

It Orbiter power is lost. lhe average continuous po_er available to the bP-IO0
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will be 400 watts at 2_ + 4 Vdc. Special power requirements by SP-IO0 shall
be resolved by the appropriate technical working group and documented in the
SP-100/Centaur Electrical ICD (TBD).

5.1.4.2 Telemetry. The NSTS will transmit continuously, in near-real time,

SP-100 engineering telemetry data from launch to separation of the 5Fb from

the Centaur. SP-100 engineering telemetr_ rates during ascent, and _urin_

SP-100/ Centaur post-deployment operations through separauion of the bP-IO0

from Centaur, is limited to 2 kbps. For SP-100 verification testing during

on-orbit operations, data rates up to 32 kbps can be accommoaatea via the NbTS

S-band; with the ku-band s>stem, rates up to 64 kbps can be handled.

The block diagrams in Figures 5-4 and 5-5 show the Centaur/Orbiter/

SP-100 telemetry functional inLerfaces.

5.1.4.3 Commands. During the attached phase when the Centaur/SP-100 are

located in the Shuttle Orbiter cargo bay, the Shuttle Orbiter will provide the

capability of transmitting serial commands to the SP-IO0 via the Centaur

interface. After deployment from the Orbiter, serial commands to the SP-IO0

cannot be provided. For the detached phase through separation of the SP-10U

from the Centaur, the Centaur can provide discrete commands to the SP-IO0.

The Centaur will have the capability of providing up to eight discrete com-

mands, redundantly, to the SP-100 at any time from launch to separation,

repeatedly and in any preprogrammed sequence. Also, the capability exists to

provide four additional discrete commands, redundantly, which may be pro-

grammed to be initiated at some elapsed time after bP-100/Centaur separation

from the Shuttle Orbiter. The separation event starts the elapsed time.

5--S.

The command functional interfaces are presented in Figures 5-4 and

5.1.5 Centaur Environmental Interfaces (Detached Flight)

A preliminary estimate of the Centaur boost accelerations in the

thrust direction are shown in Figure 5-5. For preliminary Ceslgn the acceler-

ation levels shall be multiplied by a factor of 1.25.

5.2 EkAN$FER ORBIT S_AGE (TOS)

Figure 5-7 shows a sketch of the Transfer Orbit Stage configuration.

The preliminary requirements and and capabilities described below were derived
from Ref. II.

5.2.1 Structural/Mechanical Interfaces

5.2.1.1 Interface Locations and Attachment. The physical interface of the

spacecraft with the T0S vehicle will be with the standard %0S . :terface shown

5-_
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Figure 5-5. Telemetry and Command Functional Interfaces with Cen=aur

(Detached Phase)
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in Figure 5-b. A ph>sical interface aaapter, it requirea, shall be proviaea

by the spacecraft to attach to the standard TOS/spacecraft interlace. Fast-

eners shall be provided by tile spacecraft.

5.2.1.2 SP-IO0 Separation from IO5. The lOS/SP-lOO separation ssstem,

e:.cept for the separation ordnance power and signal as aefined in para. 5.k.4,

shall be provided by the 5P-I00. The separation shall be on the spacecraft

side of the standard TOS/ Spacecraft attachment interlace.

5.2.1.3 Coordinate Reference Axes. lhe relationship ot coordinates between

the TOS and the Orbiter shall be as shown in Figure 5-9.

5.2.1.4 Allowable Thermal and Dynamic knvelope. The maximum spacecraft

envelope, including any aaapter, shall be as indicated in Figure 5-1D. l he

spacecraft thermal, dynamics and static deflections shall be contained within

this envelope, beginning with installation of the mated TO5 and ending with

predeployment tilt-up.

5.2.1.5 Structure and Loads. The SP-IO0 Flight System shall be desi_ne_ to

accommodate the flight of Shuttle liftof_, ascent-to-orbit, TOS-po_ered flight,

and Shuttle abort landings. Characteristics of the Shuttle-induceQ environ-

ments are described in para. 10.O of kef. 2. The shock environment proaucea

by IOS a_ the TOS/SP-IO0 interface, and the boost acceleration provided by the

TOS to the SP-IOO during aetached flight, are as described in para. 5.2.5.

The factors of safety to be used in the structural designs shall be
as discussed in para. 5.1.1 above.

5.2.2 Thermal Interfaces

Physical contact occurs at the SP-IO0/TOS mechanical attachment

interface described in 5.2.1.1 and the electrical interface connectors aes-

cribed in 5.3.4, with appropriate contact conductance applied at the specific
contact locations. The thermal conauction at these inter_aces shall be

limited to TBD cal/sec - oc (TBD BTb/sec - OF). The thermal radiation

interchange between TOS and the spacecraft is TBD. The TO5 will provide, it

required, a multilayer insulation (MLI) blanket across the interface to limit

the interchange to TbD cal/sec - (oc)2 [2BD b]b/sec - (oF)2j. The maximum

penetration of the _OS thermal blanket above or below the TOS/Spacecra_t inter-

face plane, due to billowing during ascent, will not exceed TBD inches.

5.2.3 Fluid Interfaces

There are no standard provisions for TOS-to-spacecralt fluid

interfaces. Therefore, any purge gas requirements by a spacecraft using the

baseline lOS will be the spacecraft responsibility. IOb will make available

as an optional kit provisions to accommodate a thermally protected science
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[REF. MMC ICD-575-83200]

0,3745 - 0,3755 in, D(A
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Figure 5-b. Standard TO_/Spacecraft Interface
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Figure 5-9. TOS Coordinate System
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instrument pur_e line (l/4-in. Oh) along the lo5, and space on the Itch :_5}-

(cradle) for mounting a [,urge puriIication equipment package, in thi._ vas_-,
the Orbiter would provide the pur6e _as.

5.2.4 Avionics and Electrical Interfaces

Stanaard TOE electrical interfaces are provided for distributing

ordnance firing power, sequencing discretes, and separation inoication, as

described in 5.k.4.1 and 5.2.4.2 below. Available kit options could provide

additional wiring and connector provisions for electric power, commano an_

telemetry data interface connections between TO8 and the spacecratt.

5.2.4.1 Electrical Connectors and Wirin$. The TOS/hpacecraft electrical

interface connectors will be low-force, lanyard-actuated connectors. Access

for mating these connectors will be from the spacecraft side ot the

_OS/Spacecraft interface.

5.2.4.2 Electrical Power. The ordnance power interface consists of three

sets of redundant capacitive discharge pyrotechnic firin_ circuits desibned to

fire NASA Standard Initiators (NSIs). The sequencing interface consists of

four redundant discretes that are relay closures to spacecraft-furnished power.

These discretes will be generated in the TOS sequencer as time-scheduled func-

tions. Included on the TOS side of the interface is a connector wire that can

be used by the spacecraft as a separation indication.

5.2.5 TOS Detached Phase Environmental interfaces

5.2.5.1 Contamination. The TOS vehicle is being designed so that the main

propulsion system and reaction control system (kCb) thruster exhaust will not

impinge directly or be reflected upon the SP-IOO Flight System during any mode

of RC5 thruster or main engine operation.

5.3.5.2 Vibration, Shock_ and Axial Accelerations. (TbD)

5.3 INERTIAL L;PPEk STAGE

An outline sketch of the two-sta_e (standard) Inertial Upper Stage

(IUS) is shown in Figure 5-11. Ref. I_ provides a summary description of the

IDS system. Nef. 13 defines the "generic" interface capabilities provided by

the two-stage IDS, which are the standard _eatures incorporated in all two-

stage IUS vehicles. _here specific spacecraft requires Ibb hard,are additions!

deletions, changes must be planned/programmed to assure an IU5 tailored to the

specific mission. Ref. 13 shou]d be consulted for additional details about

the IUS/spacecraft interfaces.
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5.3.1 Structural/Mechanical Interfaces

5.3.1.1 Interface Locations and Attachments. The SP-IOO will mechanically

interface with the IbS spacecraft attachment ring at the forwara eno ot the

equipment support section. Attachment provisions are by a maximum of eight

attachment points as shown in Figure 5-12.

All electrical connections between Ibb and SP-IOO are maae through

11 screw-on bayonet-type electrical connectors mounted on a bracket on the Ibb

at ibS station 378. Access for mating to the connectors is from the-spacecraft

side of the interface plane.

The IDS provides a multilayer £nsulation (NLI) blanket across the

spacecraft/IbS interface plane enclosed by the lll.77-inch-diameter bolt

circle. This insulation blanket will be restrained to minimize billowing

during ascent ana to prevent contact with spacecraft separation hardware. The

maximum penetration of the blanket about the spacecraft/IbS interface plane
due to billowing will not exceed TBD inches.

5.3.1.2 SP-IO0 Separation from the IDa. The spacecraft separation system

shall be provided by the spacecraft, except, if required, for separation

ordnance power as defined in para. 5.3.4.3. The separation plane is nommlly

displaced from the IbS/Spacecraft attachment interface by a spacecraft-proviaed

adapter that will remain with the Ib$ when the spacecraft separates.

5.3.1.3 Coordinate Reference Axes. The relationship of coorainates between

the IUS and the Shuttle Orbiter is shown in Figure 5-13.

5.3.1.4 Allowable Thermal and Dynamic Envelope. The maximum available

SP-IO0 length for an IbS/Spacecraft payload is shown in Figure 5-14.

5.3.1.5 Structure and Loaos. The 5P-IOO structure shall be designed to meet

the flight loads of $bV liftoff, ascent to orbit, Ib5 flight phase, and abort

landings. Characteristics of the Shuttle-induced environments to be used in

structural design are described in Section 10.0 of Ref. 2. lhe IbS environ-

mental interfaces are described in para. 3.3, Ref. 13. Factors of safety to

be used in structural design are as described in para. 5.1.1 above, lhe allow-

able payload cg envelope is presentea in Ref. 13.

5.3.2 Thermal Interfaces

The physical interfaces between the IbS and SP-iOO are as shown in

Figure 5-12. Physical contact occurs only at the eight attachment points and

electrical interface connector bracket. The insulation bracket across the area

enclosed by the bolt circle is made up of aluminized kapton with polyester net

spacers and an outer layer of aluminized Beta Cloth (Beta Cloth-side out).

Physical properties of this insulation, and the IbS thermal analysis require-

ments on the spacecraft, are as described in para. 3.2.4, Ref. 13.
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+Z o

+vo +Xo

ORBITER

(REFERENCE)

+Y!
-X I

Xl=O

+X I

ORIGIN: STATION 0.0 IS :379.0 INCHES AFT OF THE SPACECRAFT
INTERFACE PLANE. WATERLINE 0.0 AND BUTTLINE 0.0
ARE AT THE VEHICLE GEOMETRIC CENTERLINE.

x: POSITIVE UP WITH ORBITER IN LAUNCH POSITION.
THE X-AXIS IS ON THE VEHICLE GEOMETRIC CENTERLINE
NORMAL TO THE FORWARD INTERFACE PLANE.

y: POSITIVE RIGHT. (TO COMPLETE A RIGHT-HAND SYSTEM)

z: POSITIVE DOWN WITH ORBITER IN LANDED POSITION.

VEHICLE CLOCK ANGLE: MEASURED POSITIVE CLOCKWISE AS
VIEWED FROM THE +X END OF THE
IUS VEHICLE. THE +Z-AXIS IS
0 CLOCK ANGLE,

[REF: ICD-A-81200, REV. A.1

Figure 5-13. IbS Vehicle/AS£ Cooroinate 5ysten,
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Fluid Interfaces

There are no standard provisions for IbS-to-spacecraft fluid inter-

5.3.4 Avionics and Electrical Power Interfaces

5.3.4.1 Electrical Connectors and Wiring. Figure 5-15 shows the IUS system

functional interfaces available to the spacecraft for distribution or elec-

trical power, ordnance power, command discrete, telemetry data, spacecraft-

dedicated circuits and RF signals. Ref. 13 specifies the standara wiring and

connector provisions available for interface connections between the IbS

vehicle and the payload.

5.3.4.2 Electrical Power. The power interfaces with the spacecraft will be

through the IDS avionics system for the launch countdown ann subsequent ascent

and fligha phases to IbS-spacecraft separation. During the prelaunch, ascent

and on-orbit phases, the power to the spacecraft will be provided from space-

craft electrical ground support equipment (hOSE), Shuttle Orbiter, or IbS ASh

as required. The IDS and IbS ASE batteries are also used and controlled by

the IUS Avionics to assure uninterrupted power to the spacecraft in the event

of loss of Orbiter power. Electrical power provided by the IDS to the Ibm/

Spacecraft connector interfaces shall be at 2b + 4 Vdc.

5.3.4.3 Ordnance Power. The IbS shall provide and distribute ordnance

power to the IbS/ Spacecraft interface for access (if required) by the space-

craft for the firing of ordnance devices in two groups of eight initiators.

Details of this power are described in kef. 13.

5.3.4.4 Telemetry. The NSTS is required to transmit continuously, in near-

real time, spacecraft engineering telemetry from launch to IbS/spacecraft

separation. During ascent and on-orbit operations (prior to deployment from

the Orbiter) the spacecraft telemetry will be delivered to the Shuttle Orbiter

payload data interleaver (PDI) via IbS-provided wiring for insertion into the

Orbiter operational instrumentation _O1) data stream as illustrated in Figure

5-10. During ascent, spacecraft telemetry rates are limited to 2 kbps. For

on-orbit spacecraft verification testing, higher rates can be accommoaated

depending on whether the NSTS S-band or ku-bana is used. If the S-band is

used, data rates up to 32 kbps can be handled; with the ku-band, 64 kbps.

After deployment of the SP-100/IbS, the IDS will interleave up to 2 kbps of

Spacecraft data and telemetry via _DkS S-band through to Spacecraft separation
(see Figure 5-17).

5.3.4.5 Commands. Serial comm,ands for the SP-IOO from launch through to

deployment from the Shuttle Orbiter, are processed via IDRS, the Shuttle

Orbiter PSP, through the IDS, to the spacecraft (see Fig. 5-10). After

deployment, serial commands to the spacecraft are not possible because the ibS
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system does not provide such an interface to the spacecraft. For the detachea

phase through Spacecraft-iU_ separation, the Ib_ will have a _round-initiated

discrete command link via the space-ground link system (_bLb) capability. Xhe

IUS will have the capability of sending to the spacecralt up to eight redunoant

discrete commands at any time from launch to separation, repeatedly, and in an_

preprogrammed sequence. _igure _-17 shows the command functional inLertaces

during the detached phase.

5.3.5 Environmental Interfaces. The environmental conditions at the ILSI

Spacecraft interfaces are presented in para. 3.3, kef. 13.
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SPACECRAFT I
S/C DISCRETE COMMANDS (8)

I

I

IUS

S/C TELEMETRY
(2 kbps)

I
I
I
I
!

SCU

(SIGNAL
CONDITIONER
UNIT)

16 kbps ,_
TELEMETRY//

4_" / DISCRETE

/ COMMANDS

TDRS

Figure 5-17. Telemetry and Lommand _unctional Interfaces with Ibb

(be tached Phase)
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SECTION6

PAYLOAD/NSTSINTERFACEVERIFICATION

4

The National Aeronautics and Space Administration (NASAl, for pur-

poses of maintaining personnel safety and Orbiter integrity, has established

minimum payload requirements for verifying the payload-to-shuttle physical and

functional interfaces. Ref. 14 establishes the basic requirements for the

verification. The user is responsible for verifying compatibility of the

payload interfaces with the applicable interface agreements. All payload

physical and functional interface compliance is expected to be accomplished

prior to installation of the payload in the Orbiter cargo bay. NASA is

responsible for verifying Cargo Integration Test Equipment (CITE) and orbiter

payload-dependent interface compliance before payload installation.
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